ABSTRACT Sorghum (Sorghum bicolor L. Moench) production is mainly constrained by soil water and nutrient deficits in northern Ethiopia. The aim of this research was to evaluate the effects of tillage and fertilizer practices on productivity of two sorghum varieties in Abergelle area, northern Ethiopia. The experimental design was split-plot design. The main-plot treatments included five tillage practices. These were shilshalo (traditional ridge without ties) for broadcasted planting (SBP), tied-ridging at planting (TR0WAP), tied-ridging at four weeks after planting (TR4WAP), zero tillage (ZT), and shilshalo for row planting (SRP). Two fertilizer rates of nitrogen (N) and phosphorus (P), as0-0 N-P ha -1 (without fertilizer, F1) and 32-10 kg N-P ha -1
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MATERIALS AND METHODS

Study site
This study was conducted at Abergelle sub-district (N13 56 ISSN: 2220-184X ridging at four weeks after planting (TR4WAP); zerotillage (ZT); and shilshalo furrow planting (SRP). Shilshalo is a traditional ridging without ties used for moisture harvesting and weed control using the traditional oxen-drawn plow known as maresha. Shilshalo was used by the farmers commonly four weeks after planting and forms ridges about 0.15 m in height and narrow furrows which are not tied. But the height of the ridges of tied-ridging was reached about 0.30 m and also has furrows wider than that of shilshalo by at least 0.05-0.10 m. Oxen-drawn ridging implement was used to construct ridges of 0.30 m height.
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The two fertilizer levels on the sub-plot were 0-0 kg N-P ha -1 (without fertilizer, F1), and 32-10 kg N-Pha -1 (with fertilizer, F2). The source of nitrogen (N) was urea and that of phosphorus (P) was diammonium phosphate (DAP) fertilizers as 50-50 kg urea-DAP ha -1 . The F1 treatment was included because many farmers rarely applied fertilizer on sorghum crop. On the other hand, the inclusion of F2 was based on the fertilizer rate suggested as an extension package for moisture stressed areas such as the study site. The row planter was used to facilitate sorghum seeds planting in a row. Planting was done with oxen-drawn row planter in rows for all the main-plot treatments, except for SBP which was broadcasted manually by hand. The desired plant spacing of 20 cm was obtained by hand thinning at 21 days after sowing for sorghum plants planted in a row.
The experiment had three replications in 2002,and four replications in 2003. A farmer was considered as a block on this research as this was carried out on different farmers' fields. So, the three farmers were considered the same as three blocks. The uniformity of each plot in each block in terms of soil fertility was taken into consideration, and also management practices were kept to be similar throughout all the blocks and years of the experiments. Each tillage treatment was applied on the main-plot size of 20 m lengths x 9 m widths whereas the fertilizer treatments on the sub-plot size of 20 m lengths x 4.25 m widths. In both trial years, two local varieties of Sorghum bicolor L. Moench, namely, 'Woitozira' (early plated but late matured) and 'Chibal'
(late planted but early matured) were used as test crops. The spaces between blocks, main-plots and sub-plots were 2.0, 1.0 and 0.5 m, respectively. The distances between rows, tied-ridges, and ties were 0.75, 0.75 and 2 m, respectively.
The cultural practices (weeding, plowing) of the experiment were the same as the farmers' practices in the area. No chemical was used for pest and weed control. The entire experimental area was tilled once using the traditional oxen-drawn maresha plow before imposing any of the © CNCS, Mekelle University 57 ISSN: 2220-184X treatments except for ZT, with no plow. All plots were weeded manually once during the cropping season. Planting was done in the furrow for all plots with tied-ridging at planting time.
DAP was applied at planting in a band whereas urea was side dressed at 4 weeks after planting.
The dates of tillage, planting and harvesting activities with respect to each sorghum local varieties are presented in table 1. 
Data Collection Procedures and Statistical Analysis
Data were collected on plant height, plant stand count (plant population), panicle length, grain yield, stover yield and 1000-seed weight. Rainfall data for the study durations were also collected. Randomly chosen five plants per row, which were assumed representative for the plot excluding boarder plants was taken to determine plant height just at harvesting time. Plant height was recorded in each of the central three rows by measuring the height from the ground to the tip of the panicle. Similarly,10 randomly selected plants in the plot were measured to determine panicle length per plant just at harvesting time. The plant stand count was also determined just at harvesting time by counting all stems and tillers in the harvested area. Seed weight was determined for sample of 1000 air-dried seeds at 125 g kg -1 moisture content. Above ground biomass yield (straw + yield) was determined by weighing after cutting the plants just at the surface of the soil and after air-drying. Grain yield was expressed at 125 g kg -1 moisture content.
Pooled data analysis using the two years (2002 and 2003) data was carried out; besides to the ISSN: 2220-184X
yearly-basis analysis, with the help of MSTATC soft ware (Freed, 1994) . Treatment differences were separated using least significant difference (LSD) at P≤0.05.
RESULTS
Tillage and Fertilizer Interaction Effect on 'Woitozira' Sorghum variety
The data analyzed for plant height, panicle length, plant stand count, 1000 seed weight, grain yield, and stover yield of Woitozira (early planted but late matured) local sorghum variety using the pooled data from the two years (2002 and 2003) were significantly influenced (P ≤ 0.05) by fertilizer and tillage interaction effects (Table 2 ). However, the yearly-basis analysis indicated that grain yield, seed weight, plant height, plant population (stand count) and panicle length were non-significantly (P >0.05) influenced by the tillage treatments in the absence of fertilizer for
Woitozira variety in 2002 (data not shown).
In this study, the pooled and yearly-basis agronomic data analysis showed significant differences among most tillage treatments interacted with F2. The tallest sorghum plant height (1.60 m)was observed for TR0WAP interaction with F2 followed by TR4WAP with F2 (1.56 m). However, the shortest plant height was recorded from the interaction effect of ZT with F1 (1.04 m)
followed by ZT with F2 (1.21 m) for Woitozira variety. Plant height found from the traditional ridging (shilshalo) (SBP) was taller than that of ZT but shorter than the other tied-ridging tillage treatments with both F1 and F2. A similar trend was observed for the treatment interaction effects on Woitozira sorghum variety data analyzed on yearly-basis, even though agronomic data performance was better in2003 than 2002 (data not shown).
The tillage treatment that showed the longest panicle length for Woitozira variety was TR0WAP
(236 mm), followed by TR4WAP (229 mm) and the shortest was due to ZT (191 mm) in the presence of F2. The interaction effect of tillage treatments with F1 also showed similar trend, that is, the longest panicle length was due to TR0WAP (224 mm) and the shortest was in ZT (187 mm). Generally, tillage without fertilizer (F1) had shorter panicle length than with fertilizer (F2) ( Table 2 ). The lowest plant stand count, panicle length and 1000-seed weight as an average of both years (2002 and 2003) were recorded by the interaction effect of ZT followed by SBP with F2 and F1. But these parameters were performed better due to TR0WAP followed traits were generally superior inTR0WAP as compared to TR4WAP and the other tillage treatments interaction with both fertilizer rates. 43 Note: LSD, least significant difference at probability level (P) ≤ 0.05; SBP, traditional tillageshilshalo with broadcasted planting; TR0WAP, tie-ridging at planting; TR4WAP, tieridging at four weeks after planting; ZT, zero tillage; and SRP, shilshalo with row planting; F1, 0-0 kg N-P ha -1 ; F2, 32-10kg N-P ha -1 ; GY, grain yield; st, stover yield; S. wt, 1000 seed weight; SC, plant stand count just at harvesting; PH, plant height; PL, panicle length.
The treatment interaction effect of TR0WAP with fertilizer (F2) showed the highest grain yield for Woitozira variety. For instance, TR0WAP with F1 gave grain yield of 0.96 t ha -1 whereas with F2 was about 1.31t ha -1 . The other tillage practices with F1 and F2 had yields below these values. The lowest yield was recorded from zero tillage (ZT) with F1 followed by F2, for about 0.5 and 0.98 t ha -1 , respectively (Table 2 ). This table also shows that TR0WAP followed by TR4WAP had a better treatment interaction effect on stover yield. The highest stover yield (7.3 t ha -1 ) was due to the interaction effect of TR0WAP with F2 followed by 6.6 t ha -1 due to TR4WAP with F2. Conversely, the lowest stover yield of 2.2 t ha -1 was observed from the interaction effect of ZT with F1. The trend of tillage and fertilizer interaction effects on sorghum yields were similar for both F2 and F1,but yields were higher with F2 than that of F1 (Table 2) .
Tillage and Fertilizer Interaction Effect on 'Chibal' Sorghum variety
The data on plant height, panicle length, 1000 seed weight, grain yield, and stover yield for
Chibal (late planted but early matured) local sorghum variety tested using the pooled data from the two years (2002 and 2003) were significantly influenced (P ≤ 0.05) due to fertilizer and tillage interaction effects (Table 3) .Similarly, the yearly-basis agronomic data analysis result for chibal variety showed a significantly different response to the main and interaction effects of the treatments (data not reported). shilshalo with broadcastedplanting; TR0WAP, tie-ridging at planting; TR4WAP, tieridging at four weeks after planting; ZT, zero tillage; and SRP, shilshalo with row planting; F1, 0-0 kg N-P ha -1 ; F2, 32-10kgN-P ha -1 ; GY, grain yield; st, stover yield; S. wt, 1000 seed weight; SC,PH, plant height; PL, panicle length.
The pooled analysis data showed that the tallest plant height (2.37 m) was found from the treatment interaction effect of TR0WAP with F2. This was followed by the interaction effect of TR4WAP with F2, which was about 2.29 m. A similar trend was observed on these tillage practices with F1even though the tallest plant height was measured with F2 (Table 3) . In a similar manner, the longest plant panicle length was recorded for tillage interaction effects with F2. Among such treatments, TR0WAP showed the longest panicle length (298 mm) whereas the shortest panicle length was with ZT (239 mm). The highest 1000 seed weight was also for TR0WAP interaction with F2 (41 gm) followed by TR4WAP with F2 (39 gm). The lowest 100 seed weight for Chibal sorghum variety was recorded from ZT interaction effect with both F1 (20 gm) and F2 (25 gm) (Table 3) .
Grain and stover yield of Chibalsorghum variety were the highest due to interaction effects of TR0WAP with F2.Generally, better sorghum yields were observed when moisture harvesting tillage practices integrated with fertilizer (Table 3) . For example, sorghum grain yield from interaction effect of TR0WAP with F2 was the highest (1.45 t ha -1 ) whereas with F1 was 1.05 t ha -1 for Chibal variety. The highest stover yield for F2 with TR0WAP was 8.90t ha -1 . Conversely, the lowest grain yield (0.55 t ha -1 ) and stover yield (3.65 t ha -1 ) were obtained due to ZT interaction effect with F1. This was followed by the traditional ridging (shilshalo) interaction with both F1 and F2 which showed poor yield performance But yield was higher with F2 as compared to F1 (Table 3 ). In general, there was no statistical difference in grain and stover yield among ZT, SBP and SRP interaction effect with F1. The interaction effects among SRP, SBP and TR4WAP with F1 on grain and stover yields were also non-significantly different. But among these tillage practices, their interaction effect with F2 showed a significantly different in grain and stover yields (Table 3) .
Tillage and Fertilizer Separate Effect on Yield of Local Sorghum varieties
The tillage main treatments were influenced significantly (P ≤ 0.05) the grain and stover yields that pooled from the two crop seasons for both local varieties tested in this study (Table 4 ). The yearly-basis data showed that sorghum yields of both varieties were higher in 2003 than in 2002.
But the yields of Chibal variety showed generally higher than the Woitozira variety in 2003 (data not reported). The tillage main treatment effect showed a higher yield due to TR0WAP, followed by TR4WAPthan SRP. The lowest yield from the tillage effect was found as a result of ZT followed by SBP for both Woitozira and Chibalsorghum varieties (Table 4 ). The mean yield of the two varieties due to the tillage main treatment effect also showed a significantly different.
The highest mean yields of the two varieties were obtained due to TR0WAP followed by TR4WAP, but the lowest was due to ZT (Table 4) . Such trends of the main plot (tillage) treatment effects were consistent with the tillage and fertilizer interaction results. Generally, the effects of tillage treatments indicate that the grain and stover yields were higher for Chibal than Woitozira sorghum variety. The tillage main treatment effects increased grain yield by 5-10% and up to 28% for stover yield of Chibal as compared to its effect on Woitozira variety.
In addition, Table 4 shows a significant different (P ≤ 0.05) in sorghum yields between the effects of fertilizer rates within and between varieties as a mean of the two crop seasons data.
The mean grain yield was 1.03t ha -1 for F2 and 0.78 t ha -1 for F1 for the early planted but late matured variety (Woitozira). Similarly, the grain yield due to F2 was 1.10 t ha -1 and by F1 was 0.85 t ha -1 , for the late planted but early matured variety (Chibal). The mean sorghum grain yield of the two varieties from the two years was 1.07 and 0.82 t ha -1 for F2 and F1, respectively. The stover yields also showed a similar trend with that of grain yield of both varieties with regard to F1 and F2 (Table 4 ). The stover yield was 4.1 and 5.59 t ha -1 due to F1 for Woitozira and Chibal, respectively. On the other hand, stover yield was 5.60 and 6.87 t ha
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fertilizer treatments on mean grain and stover yields of the two varieties across the two years (Table 4) . 
Effect of Tillage and Fertilizer Practices on Sorghum Production
This study showed that the extent of sorghum productivity can be constrained by soil water, and nitrogen (N) and phosphorus (P) availability in semiarid areas. In spite of this fact, farmers in semiarid areas are not practicing appropriate tillage practices such as tied-ridging that improved soil water and the availability of N and P nutrients added as fertilizer to soils. This research played its role in demonstrating at farmers' fields the importance of different tillage and fertilizer treatments in boosting biomass and grain yield by reducing the problems of soil water stress and fertility deficits. Studies reported that soil moisture deficit for crop production in the semi-arid northern Ethiopia is not mainly associated with the amount of rainfall in the crop season but also influenced by type and time of soil and management practices applied (e.g., Gebreyesus Brhane et al., 2006) . It can also be due to the temporal rainfall variability, for instance, rainfall is highly concentrated in July and August but stopped in the early of September at vegetative crop stage besides to the rainfall variability between consecutive years (Fig 2) . This makes difficult to predict the regular planting time for crops such as sorghum. Even thoughtime of planting was not addressed for a particular variety in this study, for the situation of the semi-arid area appropriate moisture harvesting techniques such as tied-ridging is essential for increasing soil moisture for crop establishment and during grain filling. The beneficial effects of tied-ridging on crop yield can be varied with differences in amount and distribution of rainfall, variety, fertilizer conditions and the time of ridging application.
The present study demonstrated that the implementation of tillage practices such as tied-ridging contributed for improving crop establishment and grain filling and thereby resulted in higher yield and yield components of sorghum as compared to zero tillage and the traditional ridging (shilshalo) (Tables 2, 3, 4) . For example, plant height, panicle length, plant stand count and 1000 seed weight were significantly influenced by the tillage and fertilizer interaction and their separate effects. Tillage practices that retained soil water better from being lost as surface runoff such as TR0WAP improved well the crop growth and development parameters. The growth parameters can result in differences in the yield of the sorghum crop varieties. The lowest value of the crop growth parameters were recorded by ZT treatment, which could be associated to the soil moisture problem for the sorghum crop varieties particularly at the establishment and flowering stage. The yield increment due to tied-ridging with fertilizer interaction effect was higher for both sorghum crop varieties as compared to the interaction effect of the other tillage treatments with fertilizer. But the interaction effect of F2 with the tillage practices on the yield and yield components of sorghum was higher than that of F1 (Tables 2 & 3) . The implementation time for the tied-ridging can be resulted in a significant influence on the yield and yield components of the sorghum varieties. This is evidenced by the tillage practice which is TR0WAP that influenced yield and yield components of both sorghum varieties better than the other tillage practices tested in this research. In general, the increment in grain yield due to the treatments was higher for the variety Chibal as compared to Woitozira. Such differences may arise due to the fact that Chibal is late planted but matured early which requires small amount of soil water at vegetative stages. Such soil water can be captured by the tied-ridging implemented for the different stages of the crop. The stover yield was also higher for Chibal as compared to Woitozira in all the treatments. Stover yield is valued because the stems are used for hatching and fuel, and the leaves and stems are used for cattle feed during the long dry season. The grain is the most valued part of the harvest because it provides a staple food, and the surplus production is marketed.
Generally, the treatment interaction effects of tillage and fertilizer on the Chibal variety showed that the interaction effect of TR0WAP with F1 increased grain yield better as compared to SRP, TR4WAP, SBP and ZT by 10, 19, 20 and 48%, respectively. Similarly, TR0WAP with F2 increased grain yield as compared to those tillage practices by 7, 23, 28 and 45%, respectively, for Chibal variety. The performance of ZT was improved by using fertilizer. Moreover, the Tewodros Mesfin et al. (2009 Mesfin et al. ( , 2010 who suggested the importance of tied-ridging and fertilizer integration for increasing crop yield in semi-arid areas. However, these previous studies do not assess about ZT which is considered the important tillage method in other areas of the world.
The conditions of the present research also match the criteria for likely yield response to tiedridging as identified by Jones and Clark (1987) , i.e., the crop was an annual, there were early rain events to generate runoff and there was limited growing season precipitation. The important point of the present result is that the selection of appropriate crop variety is crucial in order to get the best benefits from tillage practices such as tied-ridging and fertilizer application.
The effects of soil water deficit during the grain-filling period are reflected by the small grain size (seed weight) and low grain yield as observed on zero tillage (ZT) and SBP. This may be due to the low infiltration rate of the soil because infiltration time is too short for soils treated by
ZT. In such conditions, crop can be exposed to moisture stress especially at establishment and grain-filling stage. It can be concluded that ZT in the study area might not be appropriate tillage system without pre-soil management that improves the infiltration and water holding capacity of the soil. Zero tillage (ZT) will have a positive environmental effect globally by sequestering carbon (Desjardins et al., 2002; Aune et al., 2006) . It is also reported that ZT sequesters carbon because there is a lower decomposition rate of soil organic matter and this is associated more with recycling of organic matter (Desjardins et al., 2002; Aune et al., 2006) . For this reason, the effect of ZT on soil and thereby on crop yield should be assessed for longer periods in the northern Ethiopia conditions.
The results of this study confirmed and summarized that the effectiveness of tied-ridging tillage combined with fertilizer resulted in a general higher yield for the Chibal variety as compared to their effect on Woitozira sorghum variety. This study also indicated that soil moisture without ISSN: 2220-184X soil fertility and fertilizer without soil moisture is less effective for crop production increment in the semiarid areas. Therefore, application of suitable soil and water management practices such as tied-ridging tillage should be integrated with fertilizer to improve the soil water and soil fertility at the same time for production enhancement in the study area conditions.
CONCLUSION
This study demonstrated that the application of appropriate tillage and fertilizer practices are important to increase crop production in the semiarid areas of Ethiopia. Tied-ridging tillage made at planting (TR0WAP) without fertilizer(F1) increased sorghum yield of Woitozira (early planted)(48%) and Chibal (late planted)(49%) higher than the zero tillage (ZT).For the interaction effect of TR0WAP with fertilizer (F2), grain yield increased by 27% for the early planted variety as compared to shilshalo, and about 45% for the late planted variety as compared to ZT, indicating that there is synergetic effect of soil moisture and soil nutrients on productivity.
The interaction effect of tillage with fertilizer significantly improved the yield of early and late planted sorghum varieties, though its effect is more magnified on the late planted (Chibal) variety across the two years. In this study, the worst average yield was recorded with zero tillage treatment which has not yet been practiced by most farmers in the area, followed by the traditional ridging (shilshalo). But interaction effect of tillage practices with fertilizer improved the sorghum yields better even in ZT. Tied-ridging at planting (TR0WAP) followed by TR4WAP with fertilizer are suggested as the appropriate practices because in the presence of such practices yield and yield components of the two sorghum varieties are improved in the Abergelle area, northern Ethiopia.Generally, the adoption of tied-ridging should be worthwhile regardless of the amount of fertilizer applied for semi-arid areas as compared to the other tillage practices evaluated in this study.
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